Abstract. This paper deals with recent theoretical studies and ideas on Collective Ion Acceleration (CIA) in systems in which a linear intense electron beam is injected into an evacuated drift tube. The source of ions in these systems is the result of electrical breakdown of a dielectric insert in the anode or ionization of a localized gas cloud near the beam entrance. A phenomena basic to these CIA experiments is the virtual cathode formation process. We present numerical studies of this process using a new particle simulation code that features a non-uniform mesh. Also, we present a model of the entire CIA process, delineating the role of the virtual cathode.
I. Introduction
A schematic of the CIA system under study at the University of Maryland is shown in Figure 1 . An in-0 L d Figure 1 . CIA System.
tense relativistic electron beam is injected into a cylindrical drift tube with a maximum current that is above the limiting current of the system. Normal beam parameters in the experiments are; peak voltage Vo=lMV, peak current 40KA, pulse width 30 nsec. The supply of ions for acceleration is furnished by a gas puff value located near the beam entrance as shown in Figure 1 .
Typical dimensions are; anode hole diameter 2 cm, cylindrical tube radius and length, 12.5 cm and 1 m, respectively, detector location LD 60 cm. Experiments on this sort of system were initiated by Lucel and have been followed by similar experiments at Maryland2-5 using dielectric inserts as well as a localized gas cloud.
The main observations in the experiments at Maryland are: 1. No ion acceleration is observed unless the electron current is above the limiting current. One such limiting current is that due to a space-charge limit; this well known result is IL=17(yo2/3-1)3/2/ [1+2 Qn rw/rb] KA. With our parameters this limiting current is between 1 and 3KA. 2. The second observation is that the amount of electron charge observed at the detector is substantially larger (5-10 times) when CIA is observed versus when it is not. 3. The ion enerty distribution measured at the detector possesses a broad peak in the energy region (1-3)eVo and an exponential-like tail that terminates in the region (5) (6) (7) (8) (9) (10) eVo. The number of ions at the extreme high energy end of the spectrum is down by a factor of about 105 from the number in the main body of the spectrum. 4. Another observation is that the acceleration process occurs in a relatively short distance from the anode. 5. Finally, the ions in the high energy tail arrive at the detector almost simultaneously with the arrival of the electron pulse and this occurs at a time near the end of the diode pulse, i.e., 30 nsec after the system is fired. Lower energy ions follow at a later time. 
where by comparing Equations (2) and (4), the matrices A and B can be obtained easily.
The problem of diagonalizing this system is equivalent to the generalized eigenvalue problem: Ax = XBx. With our choice of basis functions, A and B become symmetric, and B positive definite. These are the 0018-9499/81/0600-2587$00.75©1981 IEEE 2587 (1) conditions guaranteeing the existence of a matrix R such that RTAR = A, a diagonal matrix, and RTBR = I, the identity matrix. (RT is the transpose of R.) Our Equation (4) ( 6) is 2mm. and its depth is -.63 MV, or about 1.23 VO.
In our simulations the V.C. oscillates between about 2 and 3 mm in position from the anode and up to about 1.6 VO, with frequency on the order of the plasma frequency. 
and rw is wall radius, rb the beam radius, and Xi=Vdi.
The numbers di are the eigenvalues of the generalized eigenvalue problem. The coefficients Gi need only be computed once during the program and drawn on again whenever necessary. At any given time step, the greatest effort in computing the potential is spent on the matrix multiplication RTBp and subsequent synthesis of i = Ri. The most time-consuming part of the entire calculation is the solution of the generalized eigenvalue problem which computes the eigenvalues di and the transformation matrix R. Here again, this part need only be computed once. Our numerical model is shown in Figure 2 . A standard area-weighted scheme is employed to compute the charge density from the particle (cloud) positions7, and the particles are pushed using a time-centered leap-frog scheme; fields and particle positions being evaluated at whole-time steps, while particle momenta and velocities are found at half-time steps.
Some results from the code's simulation using a current step of I = 10IL are shown in Figure 3 
III. CIA Model
We now present a model of the CIA process in the system described above, keeping in mind the five stated experimental observations in Section I. We break the process down into four stages as depicted in Figure 4 . The first stage involves the formation of a V.C. shown in Figure 4 (a Figure  4 (c) occurs because the dynamic equilibrium is unstable. The driving force for separation can be due to the inductive electric field created by the sharply falling beam current. The unstableness has many features similar to the streaming instability and possesses the onset condition that a sufficient number of ions must be present. When cloud separation occurs, a dynamic situation is set up where the potential well depth is deeper than -VO because the total beam charge in the system is greater with the presence of ions. Thus, the resulting local electric fields are also greater than normal.
As a result of separation, a localized group of ions at the edge of the ion cloud experiences intense forces of repulsion due to the bulk of the ion cloud and at the same time attractive forces due to the separated electron cloud. This "special" group of ions located in the region of an extremely intense static electric field are the fortunate group of ions to be accelerated to high energies. This last process is the fourth stage and is depicted in Figure 4(d) , where we have attempted to display qualitatively the resulting elongation of the two clouds after separation as well as the detachment of a small select group of ions. Because the small group of ions experiences such strong electric fields, it is possible for them to gain a great kinetic energy in a few centimeters.
In summary, the CIA phenomena is very complicated and in order to understand the actual mechanism of ion acceleration it's expedient to move forward in two directions; 1) to develope qualitative ideas concerning the CIA mechanism which are consistent with the experimental results; and 2) to verify these ideas by means of detailed numerical simulations.
